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Abstract. The paper deals with analysis and findings of investigation of technogenic plumbum-zinc slag residuals that in-
volve a great deal of poisonous compounds such as cadmium, osmium, plumbum, zinc, hazardous origins of environmental
contamination. In connection with the outdoor storing of slags, an excess of the plumbum critical concentration was derived.
Technogenic slag residuals’ reclamation is crucial for minimizing the detrimental effect on health and safety, improving the
region’s ecological setting. At that, slags are high-value crude materials involving rare-earth and non-ferrous metal compunds.
The paper demonstrates the findings of laboratory tests of slags to specify the quantitative and qualitative composition of high-
value components in the plumbum residuals, the ability of their subsequent treatment and reclamation. The heavy slag fraction
material was investigated on JEOL IXA-8230 Electron Probe microanalyzer. The running slag sample’s X-ray diffraction
analysis was carried out on DRON-4 diffractometer with graphite monochromator, Cu radiation. Heavy fractions were separat-
ed from the samples, artifactural polished microsections (briquets) were made. The polished microsections were investigated in
index-matching fluids and under LEICA DM 2500P microscope. The findings identified that plumbum slags involve a consid-
erable body of non-ferrous metal compounds, which allow to make the reclamation of poisonous plumbum residuals functional

and cost-effective.
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1. Introduction

In metallurgy, the essential environmental conservation
area is to implement disposable technologies and crude mate-
rials’ multiple use technologies. This provides ore benefica-
tion, rational completeness of major and accompanying ele-
ments’ extraction, residuals’ reclamation without harming
the environment.

In 2011, due to various economic reasons, Shymkent
Plumbum Factory was decisively closed. Nevertheless, the
environmental situation of the city is as before negatively
exerted by collected slag residuals to the number of 2 million
tons kept in outdoor storings under the action of atmospheric
precipitates, aerial oxygen and sun rays [1]. The plumbum
factory slags are important crude materials containing vari-
ous non-ferrous metals, currently non-ferrous metals ob-
tained from secondary crude materials play an important role
in overall balance of non-ferrous metals’ production and
consumption in Kazakhstan: their share with regard to the
total non-ferrous metal production is about 25% [2]. For
instance, it is the authors’ opinion that plumbum has an ap-
preciated economic value, plumbum application area has
changed in recent years, now approximately 80% of world
usage is in the electric battery sector. Plumbum’s pliability,
density and anti-corrosion properties till now are aggressive-
ly applied in construction of reservoirs for caustic liquids’
storing and defense against radiation and X-rays. Plumbum is
applied when producing pigments, paints, other chemical

compounds [3]. Automobiles use plumbum-acid batteries.
The cause for common plumbum use in batteries in automo-
bile and industrial engineering is that plumbum can provide a
great deal of electricity needed to power a car starter in a
short period of time [4].

Besides, batteries are applied for providing the electrical
current, for driving such massive carriers as electric or diesel
submarines and locomotives, as a source for reserve energy in
plants involving critical functions such as telecommunication
and inpatient facilities. Plumbum has the highest use factor in
metal reworking. It is applied in IT sector as additive and
solder, in chemical industry as a component in paints and
reagents’ production [5]. By virtue of its unique physico-
chemical features, plumbum has identified a spot in different
engineering products’ manufacture, for instance in protective
roofs of structures and buildings. The metal’s high noncorrod-
ibility, strength, simplicity of operation are major benefits in
its application, as well as for application in medical goods to
protect against gamma rays, in spectrographic and X-ray
equipment production. Plumbum is a constituent of printing
alloys, anti-friction metals, yellow metals, bronzes [6].

One more non-ferrous metal offered for recovery when
treating plumbum residues is zinc. It is applied to galvanize
metal goods for giving them corrosion-inhibiting properties.
Thereby, the quest for it persists strong owing to the explo-
sion in the rust-inhibiting coatings’ production. Zinc is also
applied in typesetting materials, alloys (silver, nickel, brass)
production [7]. Zinc compounds are also applied when pro-
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ducing glaze, glass, rubber pigments for paints. Another
substantial range of use is for formulating corrective facial
pastes, pharmaceutical dosages [8].

Hereby, the most profit-proved and powerful way for cut-
ting down spoils’ detrimental effect on the city’s ecological
setting is their subsequent treatment. In fact, after non-
ferrous metals’ recovery, it is possible to apply slags when
producing constructional materials and cement, as plumbum
residuals consist of 75-85% of silicon, calcium and iron
oxides [9, 10].

2. Materials and methods

2.1. Experimental part

The research thing is plumbum-containing slag dumps
from the plumbum factory, that are inventoriable costs. For
identification of plumbum slags’ reclamation and treatment
ways to recover plumbum and zinc oxides, there are many
papers founded on the necessity for identification of non-
ferrous metals and other compounds’ quantitative content
and chemical composition [11]. The main research objective
is development of enabling technology to treat plumbum
residuals allowing to involve them in reclamation in the
capacity of recoverable resources. This in turn will enable
reasonably apply environmental assets and decrease the areas
with the residuals [12].

Tentative data on the plumbum residuals received in the
operating cycle demonstrated that the plumbum residuals are
metallurgical slags. The plumbum-containing slag particles
have the shape of irregular granules, the material density in
the granular material is 2 t/m3, the slope of repose is about
35°, the particle size essentially ranges from 2 to 6 mm, at
that they represent a little of particles with the size of around
10 mm. Table 1 represents dry plumbum residual compo-
nents [13].

Table 1. Dry plumbum-zinc residual components

Element Pb ' Zn | Cu Fe SiO, Ca0O K, 0O S (¢}

Digital * 538 981 097 2531 2462 1621 142 135 01
quantity 6

Notice: The digital quantity of the sample is the mean of a randomly
chosen sample

To identify the plumbum residuals’ chemical composi-
tion, the authors made chemical, thermal, X-ray phase and
spectral analyses in Almaty at Institute of Geological Scienc-
es named after K.I. Satpayev and at Institute of Metallurgy
and Ore Beneficiation of the National Academy of Sciences
of the Republic of Kazakhstan [14].

The material constitution was investigated on a black
granular slag material with the size of the particle from 2 to 6
mm. The sample was separated into heavy fractions from
which artifactural polished microsections (briquets) were
made. They were investigated using LEICA DM 2500P mi-
croscope. With it, the sample was investigated using the
microscope in index-matching fluids, whereby the sample
was chosen for subsequent investigations [15, 16].

The running slag sample’s X-ray diffraction analysis was
carried out on DRON-4 diffractometer with graphite mono-
chromator, Cu radiation. The diffraction patterns’ logging
characteristics: magnification: 2000 imp; 1=20mA; U=35kV;
response time: 2 s; shooting theta: 2; detector: 2 deg/min.

Semiquantitative analysis was made in terms of the powder
sample diffraction patterns applying artificial combinations
and similar masses’ method. The crystal line phases’ quanti-
tative relationships were identified. ASTM Powder diffrac-
tion file and clean diffraction patterns were applied to inter-
pret the diffraction patterns. The contents were figured out
for the main phases [17]. Table 2 represents probable impuri-
ties which characterization cannot be identical because of
low contents and availability of only 1-2 diffraction reflec-
tions or defective crystallization.

Table 2. The findings of the technological slag sample’s semi-
guantitative atomic emission spectral analysis

Elements Elements’ Elements Elements’
content, % content, %
Gold <0.0002 Silver 0.001
Silicon >>1.0 Magnesium >1.0
Aluminum >1.0 Calcium >1.0
Copper 0.3 Rhenium <0.0003
Nickel 0.0025 Chromium 0.015
Antimony <0.002 Cobalt 0.005
Arsenic <0.01 Molybdenum 0.01
Iron >>1.0 Strontium 0.1
Manganese 0.2 Tellurium <0.003
Titanium 0.3 Lanthanum 0.002
Zinc >1.0 Bismuth 0.0005
Potassium <1.0 Beryllium 0.0003
Natrium >1.0 Zircon 0.01
Tin 0.001 Ytterbium 0.0002
Barium 0.3 Yttrium 0.003
Scandium 0.0005 Antimony 0.07
Vanadium 0.007 Cerium 0.005
Wolfram 0.005 Gallium 0.002
Germanium 0.001 Thallium <0.0005
Cadmium <0.0005 Plumbum 0.1
Iridium <0.001 Niobium <0.001
Arsenic <0.01 Mercury <0,003
Platinum <0.001 Palladium <0.0002
Rhodium <0.0005 Ruthenium <0.001

3. Results and discussion

Pursuant to the X-ray diffraction analysis data from Table
2, the slag samples are posed by amorphous phases similar in
composition to natural origin crystalline phases, specifically
iron oxide, zinc oxide, wollastonite, and fayalite. In the im-
mersion preparation in incident light under the microscope,
all these phases are outwardly black and amorphous, but no
crystalline formations are evidenced [18]. Diffractogram in
Figure 1 exhibits mineral phases’ identification pursuant to
the X-ray diffraction analysis data.
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Figure 1. The slag sample diffractogram
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Table 3 represents the slag sample phase constitution and
interplane distances’ findings. All posed diffraction peaks
specified in Table 3 appertain only to the mentioned above
phases. The typical diffraction reflections are seen, making it
possible to determine the phases available.

Table 3. The slag sample phase constitution and interplane
distances

d, A 1% Phase
247214 938 Iron Oxide, F_ayallt_e,_ Zinc Oxide,
Calcium Silicate
2.13854 100.0 Iron Oxide, Zinc Oxide

Table 4 represents the crystalline phases’ semiquantita-
tive X-ray phase analysis findings [19].

Table 4. The crystalline phases’ semiquantitative X-ray phase
analysis findings

Mineral phase Chemical formula Content, %

Iron oxide Feo.0420 415
Fayalite, syn Fe,(SiOy) 35.4
Calcium silicate CaSiOs 17.2
Zinc oxide Zn0O 6.0

When analyzing Table 3, it was found that the basis of
the slag sample is an amorphous substance with the stated
crystalline phases with applied reflections.

The investigation of the sample in the polished briquet in
the incident light, exhibited in Figure 1, identified that the
slag sample is composed of an amorphous matrix with multi-
ple heterogeneous copper mineral phase inclusions outwardly
resembling natural copper sulfide minerals, like native cop-
per and chalcopyrite, that are frequently round and isometric,
have typical of chalcopyrite light-yellow color [14, 19].

The heavy slag fraction material was investigated on
Electron Probe microanalyzer for determination of industrial-
ly valuable slag minerals. To that end, the polished briquet
surface was thoroughly scanned, this helped to find out in the
sample: copper mineral phases, associated artificial plum-
bum-zinc mineral formations, to investigate their composi-
tions. The investigations were pursued using modern JEOL
IXA-8230 Electron Probe microanalyzer.

The polished briquet plane’s electron probe scan was
made for investigation of the sample matrix and very small
inclusions’ composition (Figures 2, 3, 4).

Currently, existing methods of plumbum-containing
slags’ reclamation are economically unsound. One of the
essential practical values is to enhance and generate ad-
vanced competing technological processes and devices for
secondary and technogenic crude materials’ treatment.

Figure 2. Mineral matrix with copper mineral phases’ inclu-
sions
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Figure 3. Complex copper mineral phases’ electron-probe in-
clusions in the matrix

Figure 4. Matrix with complex plumbum-zinc-ferruginous-
copper mineral phase oxides inclusions

Comparing the European patent of Carlos Alvarez Carre-
no and other authors [20], who formulated a way for optional
and innocuous to the environment co-extraction of plumbum
and silver in the form of a concentrate from hydrometallurgi-
cal wastes, it was found that it comprises oxidating desalina-
tion hydrometallurgical wastes involving at any rate plum-
bum and silver with an oxidizer and a chloride solution to
guarantee plumbum and silver dissolution selectability by
changing them to the state of dissoluble chlorides; and realiz-
ing the reaction of an impregnated leach solution received by
the above oxidating desalination with a carbonate compound
as a settler for the co-deposition of plumbum and silver in the
form of a carbonate concentrate [21]. Further, the finished
concentrate is purified by contact with a solution of a car-
bonate compound involving 0.01-0.5% plumbum and silver
chlorides in the carbonate concentrate, calculated on a dry
weight. The technical result is synchronous plumbum and
silver release into a premium concentrate [22].

Based on the above, it can be concluded that pyrometal-
lurgical ways and technics for plumbum and its alloys pro-
duction from secondary crude materials and technogenic
wastes are essentially applied in world practice. This crude
material contains plumbum in the form of sulfidoids, sul-
fates, oxides and other compounds. Plumbum-containing
crude materials’ reclaiming into intended product is con-
cerned with considerable material expenses demanding the
disposal of poisonous plumbum compounds’ gas and dust
emissions into the atmosphere that leads to the necessity to
introduce enhanced ways for the disposal of complex crude
materials of plumbum production.
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4. Conclusions

The chemical, electron-probe, X-ray phase, spectral anal-
yses’ findings identified that the plumbum residuals have
considerably great number of non-ferrous metal compounds:
up to 1.25% of copper oxide, up to 17% ot zinc oxide, up to
2% of plumbum oxide of the total sample mass. The non-
ferrous metals’ qualitative composition and content in the
plumbum slags makes it possible to make the reclamation of
poisonous plumbum residuals functional and cost-effective.

The next advantageous components were detected in the
heavy slag sample fraction scanning on the electron probe
microanalyzer: copper in terms of sulfides, complex com-
pounds of copper, iron, zinc and plumbum oxides that are
met as inclusions in a complex composition amorphous host
matrix.

The trial test findings helped us to single out a technology
for plumbum and zinc oxides’ more complete and selective
recovery from the plumbum residuals. When applying the
selective way for recovering non-ferrous metals, it is antici-
pated that the environment’s ecological state will be im-
proved, the negative impact on the human health will be
decreased owing to the reclamation of poisonous plumbum
residuals. At that, a noticeable contribution will be made to
the development of the natural and secondary resources’
rational use system.

Thereby, the most powerful way for cutting down spoils’
detrimental effect on the city’s ecological setting is their
subsequent treatment with an eye to gain target products
popular on the market. After non-ferrous metals’ recovery, it
will be possible to apply slags when producing construction-
al materials and cement, when installing paving slabs.
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Angarna. Makanaga KOPFacklH ©HIIPICIHIH TEXHOTCHII KO KaJIBIKTAPbIH FBUIBIMHU 3€PTTEY HOTIDKENIEPI MEH Talgayhl
Ocpinren. 3aypIT KaObUTFAaHHAH JXOHE J>KOMBUIFAHHAH KEHiH KajFraH KaJNABIKTap KOK TYpPIHIC TOIBIPAKTHIH, JKEP acTh
CYJapBIHBIH JKOHE ayaHBIH AKOJIOTHSIIBIK JIACTaHY Ko31 00ibIn TaOsuiansl. KopracskiH eHIIpiciHIH MIIaKTapBIHAA SKOIOTASIBIK
JacTaHyJBIH KayinTi Ke3i OOJBIN TaOBUIATHEIH KOPFACHIH, MBIPHIII, OCMHUH, KaIMUH CHAKTHI KONTEreH YIIBI KOCBUIBICTap Oap.
TexHOTeHII KOX KaJIBIKTaphIH Taiara acblpy alMaKTBIH SKOJIOTHSUIBIK JKaFTaiblH JKaKcapTy JKOHE eMip TIpIIUTriHiH
Kayilci3irine Tepic ocepiH TOMEHIETY YIIiH YJIkeH MaHb3fa ue. COHBIMEH KaTap, OUIAKTap TYCTI JKOHE CHPEK Ke3/IeCeTiH
METaJIIapIblH KOCBUIBICTAPhI Oap KYHIbI HIMKi3aT OOJbI TaObUIamel. Makasaia KOpFachlH OHIIPICIHIH KalIbIKTapbIHIAFbI
KYHJIbI KOMIIOHEHTTEP/IiH CalalblK jKOHE CaH/BIK KYPaMbIH aHBIKTay OOWBIHINIA KOXKAAPbl 3ePTXaHAIBIK 3ePTTEY HOTHKENEpi
JKOHE OJIap/Ibl 9pi Kapail exyiey MeH Kojere xapary MyMkinmiri kepcerinren. JEOL I1XA-8230 Electron Probe microanalyzer
MapKallbl 3JIEKTPOHIBI—30HATHl MHKpPOaHAM3aToOplia KOXKABIH ayblp (paKkuusCHIHBIH MaTepUajblH 3epTTey KYPTi3iii.
KooxapIH opTalia ChbIHaMaChIHbIH PEHTIeHOAN(PPAKTOMETPHSIIBIK Tanaybl cu-cayienenyi 6ap JIPOH —4 nudpakromerpinge,
rpaduTTi MOHOXpOMaTOpAa opbiHnanFaH. ChiHamManap/aH ayblp (Gpakuusiap 0eiHII, KbUITHIPAThUIFaH JKacaH /bl aHIUTH(TEp
(6puxerrep) xxacanapl. Annnmudrep LEICA DM 2500p MapKachIHBIH MUKPOCKOTIBIMEH JKOHE HMMEPCHSUTBIK CYHBIKTBIKTapMEH
3epTTeNi. 3epTTey HOTIXKeNepi OOWBIHIIA KOPFAChIH KOXKIAPBIHIA TYCTI METaljap KOCBUIBICTAPBIHBIH JKETKUTIKTI JKOFaphI
MeJIepi 0ap eKeHAIri aHBIKTaIAbl: KoprackiH okcui 0.7%-Fa meiiiH yKoHe MBIPBIII OKCHII KOXKIBIH CaIMAaKThIK MOIIIepiHiH
8.5%-Ha neiiiH, OYJ1 KOPFAaCBIH OHIIPICIHIH YIIBI KAIIBIKTAPBIH KOJIETE JKapaTy IPOIECIiH TEXHHUKAIBIK )KOHE YKOHOMUKAIBIK,
TYPFBIIaH OPBIHIIBI €TYTe MYMKIHIIK Oepeti.

Hezizzi co30ep’. Kypamwinoa KOpeacwii bap Koicoap, ayvlp Memai, KYHObl KOMHOHeHmmep, KOXiC, Kalima oHoey.

I/ICCJ'ICIIOBaHI/IH CBUHCHCOACPKALINX IVIAKOB U IMEPIEKTUBLI UX
yrujim3sanuun

3.1. Barosa®”, I'.3. Type6ekona?, Javier Rodrigo-llarri?, A.C. Konecuukos?, P.A. Ko3bikeena®

YOsicno-Kasaxcmanckuii yHugepcumem umenu M. Ayazoea, [Llvimkenm, Kazaxcman
2[Tonumexnuyeckuil ynusepcumem Banencuu, Banencus, Ucnanus
310xcno-Kazaxcmanckuii 2ocydapemeennviii nedazo2uyeckuii ynusepcumem, Hloimxenm, Kasaxcman

*Aemop Ons koppecnonoenyuu: cornerstone z@mail.ru

AHHOTanms. B crarbe mpejcTaBieHbl aHAIN3 M PE3YNbTaThl HAYYHBIX HMCCIIEOBAHMH TEXHOTCHHBIX IUIAKOBBIX OTXOJIOB
CBUHIIOBOTO Mpou3BoAcTBa. Ilocne 3akphITH U ITMKBUAALUH 3aBOJIA, OCTaBIINECS OTXObI, B BUJE IAKOB, SIBJIAIOTCS UCTOY-
HHKOM DKOJIOTHYECKOTO 3arps3HEHHs TTOYBBI, TPYHTOBBIX BOJ M Bo3ayxa. lllnaku CBMHIIOBOTO MPOM3BOACTBA COJIEPIKAT OOJIb-
I110€ KOJIMYECTBO TOKCHYHBIX COCAMHEHHUH, TAKNX KaK CBHUHEI, IMHK, OCMHH, KaJMHU, KOTOPHIE SBJISIOTCS ONacHBIMH HUCTOY-
HHKaMH 9KOJIOTHYECKOTO 3arpsi3HEHUs. Y THIIN3AIUsl TEXHOT€HHBIX IIUIAKOBBIX OTXO0JIOB UMEET OOJIbIIOe 3HAYEHHE ISl CHIDKE-
HUSI OTPUIIATEIEHOTO BIMAHUSA Ha 0€30IaCHOCTH JKU3HEACATENIFHOCTH U YIIYYIICHHS 3KOJOTHYeCKON 00CTaHOBKH pernoHa. B
TO K€ BpeMs IIUIAKH SBIAIOTCS [EHHBIM CHIPhEM, COACPIKAIINM COSAMHEHHS IIBETHBIX M PEAKO3EMENFHBIX MEeTaIUIOB. B cTaTpe
MOKa3aHbI Pe3yIbTaTHl JIAOOPATOPHBIX MCCIEIOBAHNHN IITAKOB TI0 OMpPEIEICHUIO KaYeCTBEHHOTO M KOJMYECTBEHHOTO COCTaBa
[ICHHBIX KOMIIOHCHTOB B OTXOJlaX CBHHIIOBOTO NPOU3BOJCTBA M BO3MOYKHOCTH JaJIbHEHIIEH nX mepepabOTKH M yTHIIU3AINH.
BeIi poBeseHB! HCCNIeI0BaHMSI MaTepraa TSHKEIOW (pakuy [UTaka Ha 3JICKTPOHHO-30HA0BOM MHUKpPOAHAIH3aTOPE MapKu
JEOL 1XA-8230 Electron Probe microanalyzer. PeatreHoaudpakToMeTpu4ecKuii aHaau3 CpeaHeil MpoObl MITaKa BIMOJHCH
Ha nu¢pakromerpe JIPOH-4 ¢ Cu —u3nyuennem, rpaduToBblii MOHOXpOMaTOp. M3 po0 ObLIM BBIAEIECHBI TSHKENbIe (PaKLUK U
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W3TOTOBJICHBI ITOJIMPOBAHHBIE NCKYCCTBEHHBIE aHMUIH(DBI (OprKeThl). AHIUTH(BI U3ydaInuCh 1Moa MUKpockoroMm Mapku LEICA
DM 2500P u B IMMepCHOHHBIX XUAKOCTX. [1o pe3ynmpraTtam McciaeI0BaHN BBISABICHO, YTO B CBUHIIOBBIX IIIAKAX COIEPIKUT-
Csl IOCTaTOYHO BBICOKOE KOJHYECTBO COCTUHEHUI IIBETHBIX METAJUIOB: Okcuaa cBuHIa 10 0.7 % u okcuma nuHKa 10 8.5 % ot
BECOBOT'0 KOJHMYECTBA IIIaKa, YTO MO3BOJSCT CAEIATh MPOLECC YTHIM3AIMNNA TOKCUYHBIX OTXOJIOB CBUHIIOBOTO MPOHM3BOJICTBA
TEXHUYECKU U SKOHOMHUYCCKH IIETICCO00PA3HBIM.

Knrouesvie cnosa: ceunyocooepoicaujue wilaku, msajicesvble Memasiibl, YeHHble KOMIOHEeHMbL, UWLIAK, nepepadbomkd.
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